This study was undertaken in an attempt to evaluate the action, in vitro, of the sulfonamide derivatives now in clinical use on strains of microorganisms freshly isolated from patients. While considerable data are to be found in the literature on this subject, few complete growth curves comparing the action of all the common derivatives on a single organism are presented.
Pneumococci.-Lawrence,6 using a peptone broth, found that sulfathiazole and its derivatives (phenyl-and methyl-) exerted a much greater bacteriostatic effect on Types I, II, and III pneumococci than did either sulfapyridine or sulfanilamide. The action of the drugs was purely bacteriostatic rather than bactericidal, probably due to the large number of organisms in the original inoculum. Lowell, Strauss, and Finland9 tested 45 strains recently isolated from patients and found that half of them showed a "slightly greater susceptibility" to sulfathiazole than to sulfapyridine. Only one strain was inhibited more by sulfapyridine than by sulfathiazole. The action of the drugs was determined by noting the highest concentration at which visible growth was present at 48 hours, and also by observing the lowest concentration of drug at which cultures, after incubation for 72 hours, yielded sterile subcultures on the surface of blood-agar plates. A considerable variation in response of different strains to the same drug was evident, as has been shown by others. '12 17, 19 In a recent communication, Finland et al.3 state that in most media sulfadiazine was found to be less effective against pneumococci than was sulfathiazole, but that in a liver infusion medium'3 the two drugs and sulfapyridine were about equally effective.
Staphylococci.-The confusing results found in the literature concerning the effect of the drugs on staphylococci in vitro undoubtedly arise from the use of different media in the tests. Rammelkamp Fleming4 demonstrated that the bacteriostatic and bactericidal activity of sulfanilamide and of sulfapyridine on a single strain of staphylococcus was far greater and occurred at much lower concentration of the drug in serum alone than in broth containing peptone. That this inhibition of the action of the drugs against staphylococci is due to the presence of peptone in the medium, even in very small amounts, was shown by Spink.'8 When a simple liver infusion medium'3 was employed, Finland and his co-workers3 observed that the bacterioktatic effect of sulfadiazine was somewhat less than that of sulfathiazole but greater than that of sulfapyridine.
Alpha hemolytic streptococci.-Bliss and Long' reported that with one strain of this particular streptococcus a marked inhibition in growth resulted when the concentration of sulfanilamide or sulfapyridine in broth was 10 mgm. per cent. In a study of three strains of Streptococcus viridans Britton2 observed no retardation of growth in sulfanilamide solutions in two instances but with a third strain sulfanilamide was bacteriostatic in a concentration of 1:1000 and bactericidal in 1:500.
Estimating the effect of the drug by its action on alpha hemolytic streptococci in bone-marrow cultures, Osgood14 showed that sulfathiazole was more effective than was either sulfapyridine or sulfanilamide. Maegraith and Vollum,lO using defibrinated blood from which the leukocytes had largely been removed, found no significant inhibition of growth of three strains of alpha hemolytic streptococci, even in dilutions of sulfanilamide or sulfapyridine as high as 1:2000. However, the size of the inoculum used by these workers was very large.
Fr4edlinder's bacillus.-The only report on the activity of the sulfonamides against this organism in vitro is in a recent paper by Finland and his co-work-ers,3 who state that in a synthetic medium sulfadiazine is highly bacteriostatic against Friedliinder's bacillus Types A and B.
Materials and methods
The medium employed throughout the experiments was a beef-heart infusion broth containing 1 per cent neopeptone (Bacto) and 0.5 per cent NaCl. The dextrose content was 0.05 per cent and the pH was 7.4. In all experiments with each strain a single lot of broth was used throughout. In the case of pneumococci and alpha hemolytic streptococci, rabbit serum was added to the broth in the amount of 2 per cent. The drugs used were sulfanilamide, sulfadiazine,* sulfapyridine, and sulfathiazole. The drug-containing broths were made up by proper dilution of stock 100 mgm. per cent solutions.
In each experiment the control and tubes containing 5 cc. of broth plus each of the sulfonamides, respectively, were inoculated and then incubated at 37.5°C., estimates of the bacterial population in each tube being. made at suitable intervals by dilution and plate counts. The inoculum was made by dilution of a 12-to 24-hour culture, so that the original inoculum contained between 10 and 10,000 organisms, generally in the neighborhood of 50 to 200.
The strains used were all obtained from patients, in general shortly before the experiments were run. Only one strain was obtained from a patient already treated with a sulfonamide, the other strains having been isolated prior to the institution of chemotherapy. Before the growth curves were run the strains were grown in broth for several transfers in order to insure an even and steady growth. Results 1. Pneumococci.-Ten strains of pneumococci were studied; six were obtained from the blood, three from the sputum, and one from the cerebrospinal fluid. Of these, two were Type I, four were Type III, and there was one each of Types IV, VIII, XV, and XIX. In all of these experiments the concentration of the sulfonamides in the broth was S mgm. per cent.
In Fig. 1 , illustrative of the method of study, are shown two growth curves which represent two widely divergent types of response to the drugs. This variation in response does not depend upon type, but on the individual strain of the organism, since the placing all the remaining broth in a large volume of. blood broth, so as to dilute the sulfonamide present and allow uninhibited growth of any organisms.
With one strain, pneumococcus Type VIII (Kunze), which showed a strikingly different response to the bacteriostatic action of sulfathiazole and sulfadiazine, an attempt was made to quantitate this difference. action differed in the two strains. 4. Alpha hemolytic streptococci.-Four strains (none of which fermented mannite) of this organism, recently obtained from patients, were studied in 5 mgm. per cent concentration. All strains were isolated from blood culture; three were from cases of subacute bacterial endocarditis, while the fourth strain "Williams" appeared transiently in the blood in a case of tuberculous pneumonia. Fig. 6 illustrates the results obtained when these organisms were grown in broth containing the four sulfonamides (strain "Williams" was not tested with sulfadiazine). It is evident that the strains varied considerably in their sensitivity to the drugs, and also that in the three drug-sensitive strains, sulfathiazole exerted the most marked effect, sulfapyridine somewhat less, sulfadiazine still less, and sulfanilamide shoved relatively little or none at all. Strain "Williams" was run in another experiment in 2 mgm. per cent concen-tration and a significant difference in bacteriostatic action between sulfapyridine and sulfathiazole was noted, the latter being more effective. In Fig. 7 (strain "Weiner") lower concentration on colony growth in blood agar is shown. There is a close parallelism of the inhibiting effect of each drug with that obtained by measurement of the growth curves of the same strain in broth.
Discussion Before the results of in vitro studies can be evaluated, it must be recognized that certain components of media, as well as body fluids, can inhibit the bacteriostatic action of the sulfonamide drugs. In the case of beta hemolytic streptococci it has been shown by Lockwood7 that the presence of small amounts of peptone in the medium markedly inhibits the bacteriostatic action of sulfanilamide. In the experiments outlined in the present paper, the medium employed contained two substances, beef-heart extract and peptone, shown by McLeod"3 to inhibit the antibacterial action of sulfapyridine. On that account, the superiority demonstrated by sulfathiazole may be more apparent than real, and may possibly be due only to a more marked action of the inhibitory substances on the other drugs. This point deserves further study.
Correlation of our in vitro results with actual clinical results would be of great interest, but sufficient data are not available to make this comparison with any degree of accuracy.
Similarly, there is but little experimental evidence in the literature upon which to make a comparison between in vitro and in vivo methods. McLean, Rogers, and Fleming"2 found that when two strains of pneumococci were employed, one of which was very sensitive and the other insensitive to sulfapyridine in vitro, the in vivo tests (intraperitoneal inoculation of mice) produced results parallel to those obtained in vitro. Using one strain which had been grown in broth containing sulfapyridine, and was, therefore, drug resistant, and another which was shown in vitro to be drug sensitive, Long and Bliss8 found that sulfapyridine protected mice against the strain sensitive in vitro, but did not offer any significant protection against the resistant strain. Both were shown to be lethal strains. On the other hand, Schmidt et al.,'7 using three strains of pneumococci, two of which were refractory and one sensitive in vivo (mice), found that the results in vitro with sulfapyridine showed correlation with only one strain, none being evident with the other two.
In conclusion, it may be stated that in vitro and under the conditions of the experiments outlined in this paper, sulf-athiazole has been shown to exert the greatest inhibitory effect on the growth of strains of pneumococci, alpha hemolytic streptococci, and Friedliander's bacillus. When a significant difference in growth rate was present, sulfapyridine had a greater inhibitory effect than sulfadiazine, and sulfanilamide had, in general, relatively little effect. Strains of the same organism varied markedly in their response, and bactericidal as well as bacteriostatic action of the drugs was observed. Summary 1. Data have been presented concerning the response in vitro of strains of pneumococci, alpha hemolytic streptococci, Friedliander's bacilli, and staphylococci to sulfanilamide, sulfapyridine, sulfadiazine, and sulfathiazole.
2. With ten strains of pneumococci, sulfathiazole exerted the most marked effect on the growth of the bacteria and was followed, in decreasing order of efficiency, by sulfapyridine, sulfadiazine, and sulfanilamide.
3. Three strains of Staphylococcus aureus exhibited no alteration of their growth in broth containing the sulfonamides.
4. Four strains of alpha hemolytic streptococci showed wide variation in response to the drugs, with sulfathiazole being the most effective. Two strains of Friedlander's bacillus exhibited the same growth tendencies. 5. A marked variation in response from strain to strain of the same organism was observed.
